or by MRI recordings) to negatively impact the natural increment from midw allt oa pe�( 3) and thus impair sequential contraction ef��ciency which limits performance by producing mechanical dyssynchrony. Furthermore, secondary mitral incompetence follows cham�er widening and supplemental modi��cations during ventricular restoration that offset these changes will be described.
Symptoms of arrhythmiaa nd cardiac failure, coequal causes of mortality,worsen as ventricular size progressively increases. Surgical correction of the dilated heart requires changing the spherical con��guration architecturei nto am oren ormal elliptical form (4), and simultaneously re�uilds moren ormal internal spatial components. The primary and secondary geometric events will be summarized and serve as the basis of developing procedures used to alter ventriculars ize, shape, the apical tip, papillary muscle inter space basalwidth,and inferior wall towardnormal.
Th� di����� �nd Th� ��nTricl� �nd ��cond�rymiTr�l ch�ng�� �nlarged ventricular size with the sphericals hape becomes au nifying theme of dilated cardiomyopathy. (Fig. 2) The underlying pathologic processes respon-si�le for spherical con��guration range from a) ischemic disease causing an e�tensive postmyocardial infarction scar leading to secondary stretch of compensatory remote ���ers withinunscarred muscle, or global stretch from multiple small scars, but without alarge asynergic region, b) non-ischemicdisease causing distention stretch from volume loading following mitral or aortic valve incompetence, or c) nonischemic cardiomyopathy destroying segments of regional myocardial ���ers with secondary distention of remaininghypertrophied and thicker viable muscle.
The secondary changes that cause associated mitral incompetence include ventricular stretch that alters leaflet coaptation, widening of the mitral an-inTroducTion The central theme of cardiac surgery is that alteration of structurei mproves function, and this concept is fundamental during surgical restoration of dilated hearts in cardiac failure. Adherence to this goal requires ac lear knowledge of the normal conical ventricularf orm, recognition of how disease caused architectural deterioration towards as pherical shape thatimpairs performance, and why rebuildingstructurer eturns function towards normal. The keynote knowledge governing surgical decisions relates to understanding how operative modi��cations affect left ventricle spatial relationships.
The conical pattern of normal cardiac size and shape is well known and the underlying spatiala rrangements areclosely linked to the helical ventricular myocardial �and (1) comprised of asurrounding wrap of the �asal loop with transverse ���ers and an apical loop of reciprocal o�lique ���ers forming aspiral vorte�atthe ape�asshown in Fig. 1� .The spherical con��gurationo ft he enlarged glo�al ventricle widens the apical loop ( Fig. 1B ) by making the o�lique apical loop ���ers develop atransverse orientation that more closely resem�les the horizontal ���er orientation of the basal loop.
The bioengineering infrastructurefor this mechanical change in size and shape reduces ejection fraction, which is 60% with o�lique ���er direction and lowered to 30% when ���er orientation is transverse (2). This architectural disadvantage limits deformation (or twisting capacity that is visi�le at operation Fig. 2 . Comparison between the normal elliptical shape (a�ove) and the common spherical shape (�elow) that provides au ni��ed from to ischemic (left) and non ischemic (right) cardiomyopathy. nulus that coincides with al arger cardiac base, and broadening the width between papillary muscle bases to amplify tethering to further limit leaflet coaptation. �ach primary and secondary left ventricular alteration can �e modi��ed during surgical ventricular res -toration, as the planningstage develops interventions that bring the altered spatial structureofventricular size and shape back towardnormal.
The concept that "form de��nes function" will �e followed in describing how surgical structural changes impact the functional consequences of cardiac failure(1). The "�eating heart method" with higher perfusion pressureisused to rebuild the ventricular chamber,a nd integrated cardioplegia is employed for coronary grafting and valve repair before initiating ventricularreconstruction. �arly improved cardiac ef��ciency occurs, since this myocardial protection strategy avoidscardiac damage during restoration.
i�ch�mic di����� Current surgical treatmentofischemicdilated cardiomyopathy addressest he disease-relatedc ausative factor.T he scar perimeter identi��es the junction �etween scar and surrounding normalm uscle, and is the usual patch insertion positioning site. Selection of this structural position does not a) recognize the importance of ventricular chamber size, b) take into account that compensating remote muscle progressively stretches during the process of cardiac enlargement and, c) consider that long term prognosis worsensf ollowing restoration if preoperative end systolicvolume inde� >100-120 ml/m 2 and post reconstruction l� volumes remain high (5). Furthermore, dilated hypokineticleft ventricles without scar do not currently undergo reconstruction, and late prognosis is poor despite coronary artery bypass grafting (c�Bg)s ince ventricular geometry is not approached at the initial procedure.
�� l��di�����
Valve replacement or repair alone is done in dilated hearts caused �y mitral or aortic valve insuf��ciency. Althoughv alve competence is successfully restored by replacement or repair procedures when preoperative ejection fractionis<40%, aprogressively downwarddeath trajectory e�ists during late follow-up in ischemic and non-ischemic disease (6). The mortality factors of progressive heart failureo rs udden death from arrhythmias account for the discrepancy between "���ing the valve and losingt he patient"; a symptom comple� (chF and sudden death) that precisely mirrors mortality factors after ischemic dilated cardiomyopathy.
non-i�ch�mic di����� non-ischemic cardiomyopathy from direct muscular involvement may stem from inflammation, sarcoidosis, idiopathic or other causes. Surgical restoration approachesh ave been virtually abandoned because partial left ventriculectomy (�l�)h as led to early failure(7). The responsi�le mechanism may relate to the prior incorrect assumption that this was a homogeneousglobal disease, since the septum rather than the lateral wall is the predominant site disease site in 66% of patients that showedvariability of disease distri�ution (8). consequently,p rior failurei s likely related to e�cluding the wrong lateral wall segment, especially if it was the only healthy part.Current improved diagnosis skills by tagged MRI stud-ies, and intraoperative echocardiographic testing (8) allows a) prerestoration identi��cation of predominant disease regions septum or lateral wall and, b) evolutiono fn ovel surgical protocols site speci��city to determine how to re�uild ventricular form �y e�cluding the septum or the lateralw all, as described �y �uma andcolleagues (9). The involved tissue contains severely hypokinetic rather thana kinetic or dys kinetic regions and the procedurei sc alled the Paco-pe�y or �eptal �nterior �e ntricular ��clusion (����) operation (8).
o��r�Ti�� �roc�dur�� in i�ch�mic di�����
Transesophageal echocardiography is employed in all cases to assess regional wall movement and mitral valve function. The mitral valvei sa pproached through an atrial incision after coronary revascularization in the cardioplegia-arrested heart. After coronary bypass and mitral valve intervention, the aortic cross-clampi sr emoved and the heart resumes contraction. mean arterial pressurei sm aintained ≥80 mm Hg because of the empiricobservation that contractility is optimumatthese pressures. The preopera tive functional assessment of the akinetic or dyskinetic ventricle determines the need for restoration, an intervention decision that is independent of normal epicardial surface and ventricular wall thickness, or cavity collapse during venting. Upon ventriculotomy, the scar may be trabecular, or absent in the early postinfarction phase. Consequently,i ti ss ometimes im-possi�le to make visual identi��cation of the damaged area, and itspoint of connection to non-scarredmuscle, but this distinction is made easily by palpation.
�nT�rior ��nTricul�r r��Tor�Tion �n incision is made anteriorly appro�imately 2.5 to 3.0 centimeters lateraltothe left anterior descending artery and palpation is an easy way to determine the e�tent of myocardial necrosis (Fig. 3 ). �m ono��lament sutureof2-0 polypropelene, the so-called "Fontan suture" is passedthrough the endocardium of the left ventricle at the junction of contracting and noncontracting segmentst oc reate an oval opening or ledge onto which apatch can �e secured ( Fig. 3) after tightening, and its size measured (Fig. 4) .
The oval opening can be closed with either the scar from thes eptal endocardium, or aD acron or bovine pericardial patch. Sutures are placed in holders, similar to techniques employed during valve procedures, so that the methods ares imilar,b ut the vantage point is from the ventricle, rather than the aortaofleft atrium. �pericardial patch with modi��cations of the sewing ring is used to secureh omeostasis along the tra�eculated ventricular surface (Fig.  4 ). Interrupted pledgeted braided 2-0 sutures are used to avoid tension as the patch is lowered toward the endocardial surface. Prior to securing the last sewing ring suture, the lungs areinsufflated and the ventricular vent discontinued to permit ��lling of the ventricle. The rim of patch outside the sewing ring is then sewn to the endocardium with ar unning 3-0 polypropelene suturetofurther prevent leakage and thee�cludedmuscle is closed in avest over pants manner with a��nal running suturefor hemostasis.
An important aspect of initial sutureplacement is recognition of the futurea lignment of the patch. In order to achieve a�� nal elliptical shape, the Fontan sutures hould �e placed high onto the septum (Fig.  4) . This creates an oblique orientation of the patch with respect to the mitral valve annulus. Failure to achieve this places the patch parallel to the mitral annulus creating amorespherical rather than elliptical ventricle that might alter subsequent function. 
cr��Tion oF �n ���x
The left ventricular ape�isidenti��ed �y eitherrecognizing that it is parallel to the right ventricle ape�or by inserting aballoon device for apical site marking (Fig. 5 ). The standardtechnique is modi��ed when the anterior scar e�tends �eyond the ape� to involve the distal inferior wall,asoccurs followinginfarction following occlusion of al ong left anterior descending artery that wraps around the ape� (Fig. 6 ). identi��cation of the inferiorwall to �e modi��ed is made readily from visualization of the right anterior view after venticulography.
The incision is never e�tended �eyond the ape�, graphic measuring of annular size preoperatively. narrowing of the �ase is produced �y downsizing the annulus by placing a28size annular ring to thereby compress the cardiac �ase ( Fig. 9 ).
inF�rior ��nTricul�r r��Tor�Tion
Restoration of the inferior ventricle following large dominant right coronary arteryinfarction follows the same general principles, but addresses the geometric componentso ft he �ase, free wall and septum ( Fig.  10 ). Mitral regurgitation is frequent becauset he infarcted dilated base widens the mitral annulus, and may scart he papillary muscles; valve replacement rather than repair is usually selected. Cardiac retraction often causes aortic insuf��ciency, so the procedure is done using aortic clamping associated with either a) the beating heart by perfusing distal grafts, opening the mammary artery and giving retrograde blood (making the pro�imal connection later), or �) �y employing integrated blood cardioplegia. The incision (Fig. 10) is made lateral to the posterior descending artery and carried to within one centimeterofthe mitral annulus and distally towardthe ape�, keeping on the septal side of the papillary muscle. The mitral valve may be replaced through this incision.
The operation e�cludes non-contracting segments including ap ortion of the septum either by direct closureoremploying atriangular patch as described �y dor ( 10) . We use Teflon-�acked �ovinep ericardium. The defect is triangular and this cardiac defect is narrowed �y a"retriangulation method " (Fig. 11) , that is accomplished by placement of as eries of im-�ricating sutures along the 3e dges of the scar to reduce its size and then covering this new triangular since inferior wall palpation de��nes the site to �ecome e�cluded as descri�ed �elow.�nelliptical ventricle is created by imbricating the inferiorw all ( Fig. 6) to create an ape�e ither �y placing sutures from outside to in or from inside to out to render an o�lique area for the Fontan suture ( Fig. 7) . This imbrication suturemay also narrow the widened papillary muscle insertion sites if the posterolateral papillary muscle is at the ape�; and is an integral part of mitral valve repair since it increases leaflet coaptation surface.
n�rroWing Th� Wid�n�d B���� oF Th� ���ill�rymu�cl��
The bases of the papillary muscles aremade broader and displaced in ap osterior and cephalad direction with wrap around anterior infarctions ( Fig. 8�) or following ventricular stretch from marked global dilation. Fig. 8B shows how treating this widening by placing sutures between the papillary muscles and stretched intervening muscle from withint he ventriclew ill narrow the distance between papillary muscle bases and reform the normal architectural con��guration.
This papillary muscle intervention deals with one of the geometric aspects that cause secondary mitral insufficiency. Ve ntricular restoration reduces chamber size and shape towardn ormal and simultaneously addresses the second component of leaflet tethering that is caused by chamber from dilation. The third component is awidened mitral annulus, whereby the e�tent of leaflet coaptation is impaired �y stretching the annular attachment. Widening of the ventricular base is responsible forthis secondary valve incompetence, and this alterationi se vident by echo cardio- Conventional goals during reconstruction of the left ventricle in ischemic disease aredirected towarde�cluding scar.T his objective does not account for the secondary stretch of remote muscle, the principal cause of progressive dilationwith worsened function as stretchingprogresses. Retention of spherical shape may persist ( Fig.1 2) since e�tensively stretched remote muscle stretch is retained and postoperative ventriculograms may display asmaller,but spherical chamber.
An alternate approach in dilatedi schemic cardiomyopathy after anterior infarction is insertion of an o�lique patch �etween the ape� and high septum ( Fig. 12) , just �eneath the aortic valve to render a conical form that resembles the shape achievedb y �acope�y or ���� procedures in non ischemic cardiomyopathy (Fig.13) . The result is placementofsutures in viable septum above the scar to render a conical shape that is similar to that reported by Suma, and displayed in Fig. 13 . Thereisnodynamic action of the patch, which may become a"curtain within the l� cham�er" that is covered �y thev ia�le muscle closed over its surface. The geometric objective aims to reconstruct form, instead of making visible disease becomethe sole guide to decision making.
i�ch�mic di����� WiThouT �c�r
The spherical geometry of the globally hypokinetic dilatedf ailing heart resembles the shape changes noted with e�tensive scar.m alfunction is related to spherical global shape and is not improved by simply restoringblood supply so that consideration of vessel and ventricle must enter the decision process.
The surgical problem is restoration for form, not only correction of causative disease. Consequently, the suggested reconstructive proceduree �cludes marginally scarred muscle, rathert han the normal muscle above the anterior scar that was previously descri�ed (Fig. 5 ). This morea ggressivea pproach ( Fig. 14) generates ac onical chamber by using the same oblique patch angulation placement technique employed in a) the prior section with ischemic disease( Fig. 12 ) and �) during site selection forn on ischemic disease ( Fig. 13) and was successfully used clinically in asmall series by Bockeriaand associates at the Bakoulev institute in moscow (11) .
�� l��di����� WiThouT �c�r
Progressive spherical dilationisahallmark event following prolonged volume loading after chronic aortic or mitral insuf��ciency,a nd is associated~70% late mortality following AV Ri f<40% preoperative ejection fraction e�ists.( 6) chronic chFa nd sudden death cause mortality,thereby reproducing the same fatal consequences of dilated hearts after non ischemic and ischemic disease. These adverse events occur despite histology showing only normal muscle with increased collagen.
Failuret oc hange the natural time course of pro- gressionofheart failurebysuccessful valve replacement, suggests a "valve and ventricle" approach should be considered that includes rebuilding the conical geometry( Fig. 15 ), rather than adhering to the conventional restriction that surgical correction should o nly address the valve disease. Consequently,appli-cation of the ���� or �acope�y restoration method (found useful in ischemic and diffuse non-ischemic disease) might create asurgical solution. Insight into the value of adding restoration to valve correction is drawn from Batista, who observedb est results after ventricular restoration in patients with dilatedhearts L eft ventricular restoration in dilated cardiomyopathy in ischemic disease without discrete scar. note the ���� or �acope�y procedurei su sed to make the spherical chamberb ecomee lliptical. Ap atch is placed �etweenthe ape� and septum to reconstruct ac onical chamber. Fig. 15 .uni��ed conceptwith the dilated spherical left ventricular shape in either ischemic, nonischemic or valvular cardiomyopathy (a�ove). geometrically changing shape to create aconical of elliptical chamber in either ischemic,n on-ischemico rv alvular disease to alter structure towardnormal as shown here.
with valve disease (12) .
Anovel valve/ventricle approach may evolve if this geometric solution provides as uccessful solution to the currenta dverse results of addressing only the valve in dilated valvular cardiomyopathy.
im�lic�Tion� WiTh h�lic�l FiB�r ori�nT�Tion
The helical architectureofthe normal heart has been con��rmed �y strain relationships using mri (13) , corrosion casts showing spiral architecture( 11)a nd �y sonomicrometry crystals (14) ;e ach pattern reflects the normalo �lique ���ero rientation that conveys ma�imum force during ejection and suction.T hese o�servations coincide with the helical heart con��guration shown in Fig. 1A , and change when dilation alters this architecture (Fig. 1B) �ecause of flattening of the double helical arms of the apical loop. These sequential shortening patterns make the ���ers twist, like coils within coils (Fig. 16 ) to closely link with functional changes in ventricular shapefollowingreconstruction, with methods that address "disease versus form". Futurec omparisons of ventricular function �y mri tagging aren eeded to de��ne the e�tent of deformation, and evaluate the validity of this form reconstruction objective. conclu�ion� Heart failurefromdilated cardiomyopathy is associated with ag eometric change in the size and shape towardl arger volume and conversion from the normal conical to spherical con��guration. The sphere �ecomes au nifying geometric (1) contour that may arise from ischemia, valve insuf��ciency or myocyte disease. Restoration of the conical contour is possible �y decisions that alter ventricular con��guration, thus becoming asupplement to correction of the underlying causative factor.S patial knowledge of geometry allows development of intraoperative planning to change structure�yrestoring morenormal ape�and base size and shape dimensions as well as altering the architectural events that amplify secondary mitral insuf��ciency �y re�uildingthe cardiac �aseand papillary muscles and limiting ventricular stretch. Subse-quent testing of these innovative procedures is needed to determine their validation beyond those establishedfor ischemic disease.Understanding form and reconstructing morenormal architectureisasurgical approach for heartfailure that could change the futureofcardiac surgery. where�ythe "coils within coils" ���er orientation is moret ransverse and leads to reduced function. �nticipated changes in ��ber orientation areshown below. Aspherical form may persist by placing the patch in afl atter (lower left), rather than o�lique direction (lower right).T his o�lique con��guration is the desired resulto ft reating "form versus disease".
